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(54) REDUCTION STEPPING LENS 

(57)Abstract: 

PURPOSE: To provide the reduction stepping lens which is improved in 
transmittance and is provided with high resolution by reducing the total 
thickness of the glass material of a lens system. 

CONSTITUTION: This reduction stepping lens is composed of total three 
groups; a first group I having a negative refracting power, a second group II 
having a positive refracting power and a third group III having a positive 
refracting power and is constituted to satisfy the conditions 
3<&verbar;f1/f&verbar;<5, 10<f2/f<25 when the focal lengths of the first 
group I, the second group II and the entire system are respectively defined ^.^TZ'j^.^^ 
as f1 f2 and f. The respective groups have at least one face of aspherical Ux ^ 
faces. The respective aspherical faces are preferably aspherical faces of a 
shape to weaken the refracting power near the optical axis nearer the 
peripheral edges from the optical axis of the lenses. The respective lenses 
are preferably composed of the glass material having a refractive index of 3 
<1.6. 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A contraction projection lens characterized by satisfying the following conditions when it consists of a total of 
three groups of the 1st lens group with negative refractive power, the 2nd lens group with positive refractive power, and 
the 3rd lens group with positive refractive power in order and the 1st lens group, the 2nd lens group, and a focal distance 
of the whole system are set to fl, £2, and f from a body side, respectively. 
3<|fl/f|<5 ... (1) 
10<f2/f<25 ...(2) 

[Claim 2] It is the contraction projection lens according to claim 1 which has the page [ 1st / at least ] aspheric surface in 
each group, and is characterized by each aspheric surface being the aspheric surface of a configuration which weakens 
refractive power near the optical axis as it goes to a periphery from a lens optical axis. 

[Claim 3] A contraction projection lens according to claim 1 characterized by constituting each lens by with a refractive 
index of 1 .6 or less ** material. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the contraction projection lens used in case the circuit pattern is 
imprinted on a silicon wafer about the contraction projection lens carried in the equipment which manufactures 
integrated circuits, such as IC and LSI, from the mask on which the circuit pattern was especially drawn by the reduced- 
projection-exposure method. 
[0002] 

[Description of the Prior Art] Generally, the resolution of a projection image with a projection lens is proportional to the 
numerical aperture, and in inverse proportion to the wavelength to be used. Although resolution will become good and it 
will go in proportion to it if high integration of a circuit pattern progresses, the good lens of resolution is required in 
connection with it, numerical aperture is enlarged and it goes in recent years, the depth of focus will need to become 
shallow and it will be necessary to perform focusing very correctly. A value also with the very severe display flatness of 
the silicon wafer which imprints a circuit pattern is required, and it will stop moreover, being fit for practical use. 
Therefore, raising resolution came to be performed in recent years, having shortened operating wavelength and 
maintaining the depth of focus rather than it enlarges numerical aperture. 

[0003] In current, although 436 to 365nm light is used, there is a proposal of JP,60-140310,A which uses the KrF 
excimer laser which uses 248nm as an emission spectrum, JP, 1-3 15709, A which uses the ArF excimer laser which uses 
193nm as an emission spectrum in recent years. [ by the mercury- vapor lamp ] 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, when the operating wavelength of projection exposure is set to 
250nm or less, the viewpoint that there is little decline in the permeability of the ** material which can be used to ** 
material is Si02. Or CaF2 It is restricted. And it is Si02 when processability etc. is taken into consideration. There is 
nothing and the ** material which can carry out deer use is this Si02 at the wavelength of 200nm or less further. 
Permeability is low even if it uses it. The conventional excimer laser is made into the light source, and it is Si02. Since 
there was much lens number of sheets and ****** thickness was thick, the used contraction projection lens had low 
permeability, therefore had problems, such as a low throughput by the scale-factor fluctuation by exposure light-and- 
heat absorption of a lens, best focus fluctuation, and the lack of light exposure. 

[0005] This invention is made in view of such a condition, and the purpose is offering the contraction projection lens of 

high resolving which can make ****** thickness of a lens system thin and can raise permeability. 

[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, a contraction projection lens of this 
invention The 1st lens group which has negative refractive power in order [ side / body ], and the 2nd lens group with 
positive refractive power, When it consists of a total of three groups with the 3rd lens group with positive refractive 
power and the 1st lens group, the 2nd lens group, and a focal distance of the whole system are set to fl, f2, and f, 
respectively, it is characterized by satisfying the following conditions. 
[0007] 

3<|fl/f1<5 ... (1) 
10<f2/f<25 ...(2) 

In this case, it has the page [ 1st / at least ] aspheric surface in each group, and it is desirable [ the aspheric surface ] that 
it is the aspheric surface of a configuration which weakens refractive power near the optical axis as each aspheric 
surface goes to a periphery from a lens optical axis. Moreover, it is desirable to constitute each lens by with a refractive 
index of 1.6 or less ** material. 
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[0008] 

[Function] Hereafter, the reason for having taken the above-mentioned configuration and its operation are explained to 
details. In order to secure high resolution and a large exposure field as a contraction projection lens, a curvature of field 
must be amended nearly completely, the lens which has positive and negative refractive power for that purpose although 
what is necessary is just to stop the PETTSU bar sum small in order to amend a curvature of field — many — to arrange 
in several sheets and a suitable location is required. Therefore, lens number of sheets of a contraction projection lens 
cannot but increase. 

[0009] On the other hand, in order to make the permeability of a contraction projection lens high, ****** thickness 
must be made thin, but it is required to reduce lens number of sheets at the same time it makes one one-sheet lens thin 
for that purpose. That is, it is difficult to be satisfied with coincidence of the conditions of making thin the conditions of 
securing high resolution, and ****** thickness. 

[0010] In order that the contraction projection lens of this invention may make the PETTSU bar sum small effectively 
by small lens number of sheets By the negative refractive power of the 1st lens group arranged to the body side in the 
location where the light high is low soon The negative large PETTSU bar value was generated and the configuration 
which makes the positive PETTSU bar sum small by the positive refractive power of the 2nd lens group arranged in the 
location where the light high by the side of the image surface after this is high, and the 3rd lens group is taken. By 
taking this configuration, it becomes possible to make the PETTSU bar sum small by small lens number of sheets. 
[001 1 ] | The conditional expression about fl / f], and f2 / f is the requirements for a configuration required in order to 
restrict the refractive power of each lens group and to attain the projection lens of high resolving. In this case, the 
refractive power of the 1st lens group becomes it small that |fl / f| is five or more too much, the whole PATTSU bar 
sum cannot be stopped small, and when negative refractive power becomes it large that it is three or less, the curvature 
of the field of the 1st lens group becomes tight, and generating of many aberration becomes large. Moreover, image 
formation of the light cannot be carried out to f2 / f being 25 or more with the lens of the positive refractive power of 
small number of sheets, and when positive refractive power becomes it large that it is ten or less, generating of negative 
spherical aberration becomes large. 

[0012] Furthermore, it is dS about the distance of f3F [ set a before / the 3rd lens group / side focal location to f3F, and ] 
on the basis of the backside [ the 2nd lens group ] principal point. When it carries out, it is desirable to satisfy the 
following conditions. 
[0013] 

-0.KDS/F2 <0.2 ...(3) 

The sign of a formula (3) considers the time of being in a plus and body side about the time of f3F being in an image 
surface side rather than the backside [ the 2nd lens group ] principal point as minus. In a contraction projection lens like 
this invention, in order to suppress scale-factor fluctuation of the image by the badness of defocusing of the image 
surface or the surface smoothness of the image surface, it is common that it is a injection side tele cent rucksack. In the 
case of this invention, f3F are in agreement with a pupil location. That is, the above-mentioned conditions specify the 
relation between the 2nd lens group and a pupil location. - 0.1> dS / f2 If it becomes, inner comatic aberration will arise 
by the 2nd lens group, it will multiply by the inner comatic aberration produced by the 1st lens group, and comatic- 
aberration amendment by the 3rd lens group will be made difficult. On the other hand, in dS/f2 >0.2, although it has the 
operation which makes outside comatic aberration while amending spherical aberration as outside comatic aberration 
occurs too much strongly and mentions the aspheric surface of the 3rd lens group later, beyond the inner comatic 
aberration which the 1st lens group generates, comatic aberration will increase outside the 2nd and 3rd lens group, and 
outside comatic aberration will remain as a whole. 

[0014] Moreover, as for the contraction projection lens of this configuration, it is desirable independently to have the 
page [ 1st / at least ] aspheric surface in each group. This is for amending many aberration which cannot be amended 
with the above-mentioned configuration of small lens number of sheets. The aspheric surface of the 1st lens group is 
used in order to amend the positive distortion aberration generated here. The aspheric surface of the 2nd lens group is 
used in order to amend the negative spherical aberration by there being few configuration lens elements. The aspheric 
surface of the 3rd lens group is used in order to amend the spherical aberration generated for this lens group itself in 
order to amend the inner comatic aberration generated by the 1st lens group. Furthermore, it is desirable that it is the 
aspheric surface of the configuration which weakens the refractive power near the optical axis as these aspheric surfaces 
go to a periphery from a lens optical axis. 

[0015] Moreover, as for the contraction projection lens of this configuration, it is desirable independently to constitute 
from with a refractive index of 1 .6 or less ** material. In using light with very narrow spectral band width like excimer 
laser, this is because it is not necessary to take the chromatic aberration of a lens into consideration and a refractive 
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index does not need to use 1 .6 or more ** material for chromatic-aberration amendment. 
[0016] 

[Example] Hereafter, the examples 1-4 of the contraction projection lens of this invention are explained, although the 
lens cross section of examples 1-4 is shown in drawin g 1 - drawing 4 , respectively — which example — also setting - a 
scale factor - 1/5 and numerical aperture - 0.45 and length between object images - 1000mm and an exposure field - 
10x1 0mm - it is - ** material — all - Si02 from - it becomes. In addition, the postscript of the lens data of these 
examples is carried out. 

[0017] First, the example 1 of this invention is explained. One negative meniscus lens by which the 1st group I turned 
the convex to the body side in drawin g 1 to the 2nd group II is a total of two sheets, one biconvex lens and one positive 
meniscus lens which turned the convex to the body side, to the 3rd group III. It consists of a total of three sheets of two 
positive meniscus lenses which turned the concave surface to the image side, and one meniscus lens of power loess 
which turned the concave surface to the image side. 

[0018] This example 1 and especially the example 2 described below are the 3rd group III. Although one meniscus lens 
of power loess which turned the concave surface to the image side at the place nearest to the image surface is arranged, 
in order to amend high order comatic aberration in this case, it is still more desirable to use the aspheric surface for 
oneth of them at least. Furthermore, when the focal distance of the meniscus lens of this power loess is set to f3 3, it is 
desirable to satisfy the following conditions. 
2000(mm)<|f33|...(4) 

| The comatic aberration of the low degree in a spherical-surface component will occur that f33| is 2000mm or less. 
[0019] Next, the example 2 of this invention is explained. One negative meniscus lens by which the 1st group I turned 
the convex to the body side in drawing 2 to the 2nd group II is one positive meniscus lens which turned the convex to 
the body side to the 3rd group III. It consists of a total of three sheets, one biconvex lens, one positive meniscus lens 
which turned the concave surface to the image side, and one meniscus lens of power loess which turned the concave 
surface to the image side. The 3rd group III About the meniscus lens of power loess which turned the concave surface to 
the image side, it has the same operation as an example 1 . 

[0020] Next, one negative meniscus lens by which the 1st group I turned the convex to the body side in drawing _3 about 
the example 3 of this invention to the 2nd group II is one positive meniscus lens which turned the convex to the body 
side to the 3rd group III. It consists of one biconvex lens and one positive meniscus lens which turned the concave 
surface to the image side. 

[002 1 ] One negative meniscus lens by which the 1 st group I turned the convex to the body side in dr awin g 4 about the 
example 4 of this invention to the 2nd group II is one positive meniscus lens which turned the convex to the body side 
the 3rd group III. It consists of one biconvex lens and one positive meniscus lens which turned the concave surface to 
the image side. 

[0022] Although the lens data of each example is shown below, Rl, R2, and ... are [ the gap between each lens side, nl, 
n2, and ... of the radius of curvature of each lens side, dl, and d2 ... ] 193nm in refractive index of each lens among lens 
data, and an aspheric surface configuration is expressed with a degree type when the direction which intersects the 
direction of an optical axis perpendicularly with x and an optical axis is set to y. 

x=(y2 / r)/Paraxial radius of curvature, and A, B, C and D of l+{l-(y2 / r2)} l/[2]+Ay4+By6+Cy8+DylO, however r 
the 4th aspheric surface coefficients [ 6th / 8th / 10th ], respectively. 

[0023] Example 1 Rl = 149.072 dl = 4 nl =1.56 R2 = 53.071 (aspheric surface) d2 = 580.412 R3 = 685.808 d3 = 
12.808 n2 =1.56 R4 = -855.88 d4 = 0.08 R5 = 332.732 d5 = 10.304 n3 =1.56 R6 = 970.134 (aspheric surface) d6 = 
196.429 R7 = 236.31 d7 = 10.938 n4 =1.56 R8 = 1 175.523 d8 = 0.714R9 = 87.26 d9 = 42.891 n5 =1.56 R10= 194.005 
dl0= 53.429 Rl 1= 68.841 (aspheric surface) dl 1= 13.136 n6 =1.56 R12= 2nd page [ of a 59.862 aspheric-surface 
coefficient ] A=-0.105xl0-5 B - =-0.126xl0-9C=-0.242xl0-13 D - =-0.176x10-16 6th page A= 0.986x10-8 B= 
0.485x10-13 -- = 0.44 xlO-22 1 1th page A=-0.745xl0-6 C= 0.1 16x10 to 17 D B=-0.359xlO-9C=-0.1 15x10-12 D=- 
0.595x10-17. 

[0024] Example 2 Rl = 1736.215 dl = 5.866 nl =1.56 R2 = 68.889 (aspheric surface) d2 = 543.701 R3 = 263.312 d3 = 
1 1.509 n2 =1.56 R4 = 819.653 (aspheric surface) d4 = 165.728 R5 = 220.315 d5 = 22.409 n3 =1.56 R6 =-1415.823 d6 = 
49.904R7 = 106.825 d7 = 37.488 n4 =1.56 R8 = 254.313 d8 = 46.233R9 = 96.597 (aspheric surface) d9 = 6.904 n5 
=1.56 R10= 103.38 2nd page [ of an aspheric surface coefficient ] A=-0.639xl0-6 B=-0.155xlO-10C=-0.103xlO-13 D= 
0.563x10-18 4th page A= 0.223x10-7 B= 0.151x10-12 - C= 0.241x10-17 D= 0.209x10-21 9th page A= -0.277x10-6 
B=-0.522xlO-10C= -0.497x10-14 D= 0.69x10-18 . 

[0025] Example 3 Rl = 6336.701 dl = 4 nl =1.56 R2 = 65.016 (aspheric surface) d2 = 561.539 R3 = 261.005 d3 = 
15.817 n2 =1.56 R4 = infinity (aspheric surface) d4 = 176.959 R5 = 232.483 d5 = 20.768 n3 =1.56 R6 = -632.184 d6 = 
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40.867 R7 = 126.144 d7 = 28.872 n4 =1.56 R8 = 413.522 (aspheric surface) the aspheric surface coefficient 2nd -- page 
A=-0.779xl0-6 B=-0.179xlO-10C= -0.182x10-13 D= 0.307x10-17 page [ 4th ] A= 0.268xlO-7B= 0.792xlO-13C= 
0.250x10-17 -- D= 0.155x10-21 - the 8th page - A= 0.438x10-7 B= 0.215x10-12 -- C= 0.424x10-16 -- D= 0.645x10- 
20. 

[0026] Example 4 Rl = 7761.76 dl = 4 nl =1.56 R2 = 65.426 (aspheric surface) d2 = 566.358 R3 = 260.181 d3 = 
14.689 n2 =1.56 R4 = 3358.89 (aspheric surface) d4 = 167.605 R5 = 217.213 d5 = 21.986 n3 =1.56 R6 = -768.035 
(aspheric surface) d6 = 44.28 R7 = 137.413 d7 = 26.994 n4 =1.56 R8 = 634.5 (aspheric surface) aspheric surface 
coefficient 2nd page A= -0.777x10-6 B - =-0.144xlO-10C=-0.182xlO-13 D= 0.307x10-17 4th page A= 0.275x10-7 B= 
0.13 xlO-12C= 0.417x10-17 D= 0.175x10-21 6th page A= 0.523x10-9 B=-0.25 xlO-12C= 0.951x10-17 D= -0.425x10- 
22 - the 8th page - A= 0.484x10-7 B= 0.678x10-12 -- C= 0.1 14x10-16 D= 0.534x10-20 . 

[0027] Next, aberration drawing showing the spherical aberration of the above-mentioned examples 1-4, astigmatism, 
distortion aberration, and transverse aberration is shown in drawin g 5 - drawing 8 , respectively. Among drawing, in Y, 
an image quantity ratio and M show the meridional image surface, and S shows the sagittal image surface. Moreover, 
the value of conditional-expression [ of each example ] (1) - (3) is shown in degree table. 
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[0028] 

[Effect of the Invention] As explained above, according to this invention, the ****** thickness of a lens system is thin 
and the contraction projection lens of high resolving with sufficient permeability can be obtained. 
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DRAWINGS 




[Drawing 2j 
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[Drawing 5] 
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[Drawing 6] 
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[Drawin g 7] 
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[Drawing 8] 
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Z> Z £ tCJ: o T, I > U >Xft»T^ y u> A-;Mfc * 
[0 0 11] I f.,/f I ifj/f i:o^T0»S 

| f , /f | «J5H±Tft*t, Ml U>X 

-0. l<d s /f 2 <0. 2 
a (3) ©flF^tt* »2l/>X»©»«±jSctDt) f 3F 

mmo^j 7*— ftx j pmm<D : ¥m&<Dmzizj:z> 

«£<0H«*ffl5rr£fc<0-C*So -0. l>d s /f 
*2 U>X*Trt3VJR»39t*i;, fgll/ 
>XPT*-r^>rt33VJRMiffl^b, I3l/>XSTO 
zJVJRMttlE&BJgt^r^o d s /f 2 >0. 2 

[0 0 14] giJK, **«0)*B/hajKU>Xtt, 

«*fc:4>&< £*> 1 B©#«I*tt*Ct)J«aSL 

v> 0 5>aiViU>X4S:»©±iB#l*Ttt*liEb€r 
nairiiiJBait*ijE"r*fc»T*«. iii/>x»©# 

/fji^a. S2i/>xsf©*»sn m&u>xx.u*> 
h&&te^z£iz&%n<DJ%mwm&ffimr%fz&\zm 

!3l/>Xf0«®H ili/>X8?»*L 

2 0 0 0 (mm) < | f 33 | 
I f 33 | ** 2 0 0 OmmJ^TTfe^ch, «H*»T«* 

[0019] *&\z, *3£w<Dnmm2 \z^^xmmt 
^> 0 gmc&^r* mimu*to»m\zthm&\&iwt& 

^-X*XU>X1«j!)^, »2»IItt«itf«JCdSiB 
*ffilWfciE©>cr:x*XU>Xitt*^, m3»III tt 
Mi!bU>X 1 tt<h«fiOJCIHI®^fS]WciEoy U 
>X 1 ft £ flMBMcEIB Srfttfjfc A° 7- U-X CO ^ -X * X 



ifi2 5JW±T&3£, ^litSci*OiE<Dja#r^cDU>X 
-e3til6S:««***Ci:*t-e#^ 1 0JETFT* 

[0 0 12] «3 W>X»©89ffl*8^ffl[«* f 

[0 0 13] 

• • • (3) 

[0015] m\z. *««o*/Msj?u>xtt, 

[0 0 16] 

4^t3tiTiawrs. gn-H4tc^-n j rniiig0iji- 

{glutei/ 5. MniftttO. 4 5, %«PJIE«ltt l 0 0 
0mm. Dtl^lOXlOmmT^D, ffi«tt£T 

sio 2 A^fts. 3**3, znz <D^mm<D u>x^— 
[0017] *?\ *58w©*««i^viTiftwr 
<D*-xtixu>xifofr*>. m2m\mm&u>xi 

&£&#mizaft&fattfz.jE<D 7* U>X 1 ft CD 

»2tt^e»> S39III tt«ffllfCIHI®*|pIfrtfciE©>c- 
X # X U > X 2 ft <h ft fit I C 00 m £ ft 1 1 / 1 7 - V X CD ^ 
~X#XU>Xlft(Dit3ft;^'b&£ 0 

[0018] z<Dmmmi t^\zm^^mm2\t, & 
iz, msmui <Dm*mmizm*t:zz>\zmm\zwm& 

WW7-I/X0^-X^Xl/>Xl ft^rSBfiUT^ 
v^o ^:©^7-l/X©^rx*7i/>X©M 

... (4) 

W>Xl#<Ott 3 «3SIII (^^ffliJfCEIffi 
[0 0 2 0] #i\Z, &5£W<Dmt&m3\Z*D\,*T\$, 0 3 

^4o^r. m i m I tt«#«»cflHfeiniWfcfta)^ -X 

*Xl/>XlW^, »2»II«ftfls:fl((Cini®S:lPlttfc 
IE^^nX^XI/>Xl ft^b, ^3SIII tiM^L/> 
Xlft(hft#J{CMB^f^WcIEC0^-x^XU>Xlft 



- 3 - 



&m*£7 - 1 2 8 5 9 2 



[0 0 2 1 ] *5£W<Dmt&&l4tZ~D\,*T&, m4\Z&^ 

-WXI/>Xltt35^, »3»III ttWi!hU>XltSc 
t -fltfllc G3 ffi £ r^J Wfc IE© * ~ X * X U > X 1 tt* 6 

[0 0 2 2] JKT^#*Jfi«flDU>X'?-^*^-r^ 



n,, n 2 , • • • a#l/>X© 1 9 3 nmt*©Ij}f$ 

x= (y2/r) / [1+ {1- ( y z/r2 ) } 

1/2 ] + Ay 4 + By 6 + Cy 8 +Dy 10 

fc*£U rMifl$fg, A, B, C, D«fn^ 

4^:> 1 o#.<D$mffi&$k'V$>z>. 





• R 2 - 


• • • te£-l/>XB©& 




[0023] mm 


mi 






R, = 


149. 072 


d, = 


4 




= 1. 56 




R 2 = 


53.071 m®w) 


d 2 = 


580. 412 








R 3 = 


685. 808 


d 3 = 


12. 808 




= 1. 56 




R 4 = 


-855. 88 


d 4 = 


0. 08 








R 5 = 


332. 732 


d 5 = 


10. 304 


n 3 


= 1. 56 




R 6 = 


970. 134 amm) 


d 6 = 


196.429 








R 7 = 


236. 31 


d 7 = 


10. 938 


n 4 


= 1. 56 




R 8 = 


1175. 523 


d 8 = 


0. 714 








R 9 = 


87. 26 


d 9 = 


42. 891 


n 5 


= 1. 56 




R io = 


194. 005 


d io= 


53. 429 








Ru= 


68.841 wmm) 


d„ = 


13. 136 


n 6 


= 1. 56 




R|2 = 


59. 862 


















C= 0. 116X10-' 7 


D= 0.44 x IO-22 


fg2® 








fgl 1® 






A=-0. 105X10- 5 


B=-0. 126X10-' 




A=-0. 745X10-6 




B=-0. 359X 10" 9 


C=-0. 242 X 10-' 3 


D=-0. 176X10" 16 




C=-0. 115X10-12 




D=-0. 595X 10"" 


f£ 6 M 














A= 0. 986X 10- 8 


B= 0.485X 10-' 3 




[0024] mmm 2 






R. = 


1736. 215 


d, = 


5. 866 


n, 


= 1. 56 




R 2 = 


68.889 ($mm) 


d 2 = 


543. 701 








R 3 = 


263. 312 


d 3 = 


11. 509 




= 1. 56 




R 4 = 


819.653 wnm) 


d 4 = 


165. 728 








R 5 = 


220. 315 


d 5 = 


22. 409 


n 3 


= 1. 56 




R 6 = 


-1415. 823 


d 6 = 


49. 904 








R 7 = 


106. 825 


d 7 = 


37. 488 


n 4 


==1. 56 




R 8 = 


254. 313 


d 8 = 


46. 233 








R 9 = 


96. 597 mms) 


d 9 = 


6. 904 




= 1. 56 




R io = 


103. 38 


















C= 0. 241X10-' 7 




D= 0. 209X 10-2I 
















A=-0. 639X 10-6 


B=-0. 155X10-I" 




A=-0. 277xl0-« 




B=-0. 522X 10-^ 


C=-0. 103X10" 13 


D= 0. 563X 10-' 8 




C =-0.497X 10-1" 




D= 0. 69 x 10"»8 










0 






A= 0. 223X 10" 7 


B= 0. 151X10-12 




[0025] mmm3 






R. = 


6336. 701 


d, = 


4 


n i 


= 1. 56 




R 2 = 


65.016 mum) 


d 2 = 


561. 539 








R 3 = 


261. 005 


d 3 = 


15. 817 


n 2 : 


= 1. 56 




R 4 = 


oo amm) 


d 4 = 


176. 959 








R 5 = 


232. 483 


d 5 = 


20. 768 


n 3 : 


= 1. 56 




R 6 = 


-632. 184 


d 6 = 


40. 867 








R 7 = 


126. 144 


d 7 = 


28. 872 


n 4 : 


= 1. 56 
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^m^7 - 12 8 5 9 2 



^2® 

A=-0. 779 X 10" 6 
C=-0. 182X10" 13 
S?§4® 

A= 0. 268X 10" 7 



#»B6«Sc 
g§2® 

A = -0. 777X 10" 6 
C=-0. 182 X10-' 3 

A= 0. 275 X 10' 7 
C = 0. 417X10" 17 
fg6® 

A= 0. 523 X 10" 9 
C= 0. 95lxlO-» 7 



r 8 = 413. 522 ($mm) 



B=-0. 179X10- 10 
D= 0. 307X 10-' 7 



C = 0. 250X 10-' 7 D= 0.155X10-21 
^8® 

A= 0. 438X 10" 7 B= 0. 215X10" 12 

C= 0. 424X 10" 16 D= 0.645X 10- 20 



B= 0. 792x 10-13 
7761. 76 

65.426 (*S*ffi) 
260. 181 

3358. 89 (4mm 

217. 213 

-768.035 mnm) 

137. 413 

634. 5 (imm) 



Ri = 
R 2 = 
R 3 = 
R 4 = 
R 5 = 
R 6 = 

R 7 = 

R 8 = 



[0 0 2 6] *i6#j4 
d, = 4 
d 2 = 566. 358 
d 3 = 14.689 
d 4 = 167. 605 



d 5 = 21.986 
d 6 = 44.28 
d 7 = 26.994 



n, =1. 56 
n 2 =1. 56 
n 3 =1. 56 
n 4 =1. 56 



B=-0. 144X10-10 
D= 0. 307X 10-1 7 

B= 0. 13 X IO-1 2 
D= 0. 175X10-21 

B=-0. 25 x IO-12 
D=-0. 425x 10-22 



S§8® 

A= 0. 484X 10" 7 
C= 0. 114X10-16 



B= 0. 678X 10-12 
D= 0. 534X 10-20 



[0027] #tc, ±Mmmmi-4<Dmm®L^ 

(1) - (3) <DM&&mzi£-?o 





1 fi /f 1 


fi /f 


d, /f 2 


S63S091 


4.48 


11.63 


+0.15 


^8£092 


4.1 


21.99 


+0. 14 




3. 95 


15.64 


-0.04 


mm a 


4.01 


17.09 


-0.05 



[0 0 2 8] 

[0 1 ] *§£w<Di&'b&mu>x<Dmm&i \<nv>xm 

[02] nmm2<Du>xmmm-c$>z>o 
[03] nmm3<Di'>xm&m-c$>z>. 

[0 5] HM«SJ 1 ®«ffiJRM. SffiiRM. tit 



[0 6] 2 <Z)$DJR2. #jswaE. ^ 

[07] mmm 3 ©sksjrm, #^<rs, s 

[0 8] HJSmoHWKM. *^JRM. M 
4XM£3rt<KM0T&&„ 
[*J-5f©lft9§] 

i -miu>xm 

II -*2U>X* 

III -?S§3 l/>X*S* 
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[0 3] [04] 




[0 5] 



[0 6] 



V=VO 



Y = 1.0 



MOS (mm) 



» 1 1 1 i r ~p 1 " » i r~ — J 1 1 \ r 



~ i i i ~ \ 1 1 

—a 0005 o.o a ocas -acoos o.o o.ooos — 1 O.O I -Q00O5 00 00005 -O.OOOS 0.0 0 0005 —1 0.0 1 




Y=1.0 



0.0010 


V-IjOO 

0.0010 


Y=U)0 


s 

-aooto 

0.0010 


^ -aooto 

Y»0.90 

aooio 


i 

Y-0.90 


-0,0010 

aoow 


-aooto 

Y-0.70 

aoow 


Y-0.70 


— 0.0010 

aooio 


— O.OOlJ 

Y»a*o a Y-O.AO 

— <* ! 


-0-0010 

ojocno 


—aooio 

^ 00 ° 0.0010 


v=o.oo 


-aoow 


-0.0010 





- 6 - 



#i¥7- 12 8 5 9 2 



[0 7] 



[18] 



mnue (mm) 

H/WX4S 




I 1 1 1 » I r 




v=vo 



« — i 1 — i — i 

-Q0005 ttO QO0O5 -0.0005 0.0 0.0005 -1 O.O 1 




y=i.o 



v-to 



-oooos ao QOOOS -O.0C0S 0.0 



-i ao i 









V-1.00 




Y-1J00 


00010 




O.ooio 




-aooio 




-0.OO 10 






V-0.90 




Y«0.90 


0.0010 


y 


v aooio 


_S 


-00010 


-ooo to 





a ooio 


Y-070 


-0.0010 
O.OOIO 


1 — ' 

Y=0.40 






—0.00 TO 




O.OOIO 


Y=000 


—O.OOIO 





-3 

— a ooio' 



Y-0.70 



0.0010, V =0^ 



-0.0 

aooioi 



- 7 - 



